INTRODUCTION
============

Enteroviruses (EVs) are a group of single-stranded positive-sense RNA viruses, including polioviruses, group A and B coxsackieviruses, echoviruses, and EVs. More than 100 serotypes have been identified.^[@R1]^ EVs are highly infectious, virulent, and associated with approximately 10 to 15 million symptomatic infections each year in the United States and have caused several outbreaks globally.^[@R2]^ For example, the largest EV epidemic in Taiwan in 1998 infected approximately 130,000 individuals during an 8-month period, resulting in 405 cases of severe neurological disease and 78 fatalities attributable to neurogenic pulmonary edema.^[@R3]^ Another large outbreak of EV infection in Western Australia in 1999 resulted in 6000 cases during a 6-month period and 29 cases of severe neurological disease. The rate of neurological disease in this epidemic was estimated to be approximately 1 per 1000 affected cases.^[@R4]^ Among the serotypes of EVs, coxsackieviruses (CV) have a higher fatality rate when compared to other EVs. Infants infected with coxsackieviruses are extremely susceptible to myocarditis, meningitis, and encephalitis with a subsequent mortality rate of 10%.^[@R5]^

EVs can influence brain development by inducing apoptosis. Induction of apoptosis in the cortex, hippocampus, and choroid plexus has been reported in animal studies.^[@R6],[@R7]^ In addition, EV may cause extensive infiltration of leukocytes into the central nervous system (CNS) by activating the inflammatory response and result in neuropathology.^[@R5]^ It is further reported that mental and neurological disorders, such as delayed development, lower intelligence score, schizophrenia, and attention deficit hyperactivity disorder (ADHD) are associated with EV infection.^[@R8]--[@R12]^

Tic disorder is one of the most commonly diagnosed movement disorders among in children, with a prevalence rate of 0.2% to 46.3%.^[@R13]^ Tic disorders may persist into late adolescence or early adulthood in a subset of affected. Motor and/or vocal tics associated with tic disorders may cause pain and interfere with daily living.^[@R14]^ In addition to the core symptoms of tic disorders, affected individuals often present with behavioral difficulties, such as comorbid obsessive compulsive disorder or ADHD.^[@R15]^ For example, among young adults with tic disorders, 79% have reported impairments in interpersonal relationships with peers, 39% have reported to have been teased in school, and 28% have reported to have been rejected from their peer groups.^[@R16]^ As with most mental disorders, the etiology of tic disorders is currently not known.

Emerging evidence suggests that neuropsychiatric illnesses (e.g., tic disorders, Gilles de la Tourette syndrome) may, in part, be a result of an infection. For example, it is well established that pediatric autoimmune neuropsychiatric disorders are associated with streptococcus infections.^[@R17],[@R18]^ Patients with tic disorders and Gilles de la Tourette syndrome were reported to have increased serum levels of antibodies against streptococcus^[@R19]^ and streptococcal M protein.^[@R20]^ Having multiple streptococcal infections were associated with increased risk for Gilles de la Tourette syndrome.^[@R17]^ In addition, a recent observational study reported that 3 of 23 boys were diagnosed with tic disorders after an acute EV infection, suggesting an association between EV infection and greater incidence of tic disorders.^[@R21]^ To our knowledge, no previous large-scale study has explored the association between EV infection and tic disorders. The present study aims to investigate the association between EV infection and subsequent diagnoses of tic disorders in a nationwide population-based sample.

MATERIALS AND METHODS
=====================

Database
--------

The data used in the analysis herein was randomly sampled from the Taiwan National Health Insurance Research Database (NHIRD). The NHIRD provides comprehensive patient data, including demographic data, diagnostic codes according to the International Classification of Disease, Revision 9, Clinical Modification (ICD-9-CM), drug prescriptions, and physician specialties. The NHIRD was launched on March 1, 1995 and is maintained by the Department of Health and the National Health Research Institutes. The NHIRD covers more than 98% of the national population of Taiwan^[@R22]^ and provides valuable information for epidemiological study.^[@R23]^ No statistically significant differences in age, sex, or healthcare utilization were identified between the NHIRD and the randomly sampled population data analyzed herein.^[@R24]^

Study Subjects and Design
-------------------------

The study sample was comprised of insured children under 18 years of age prior to 2005 with EV infection. The study observation was delimited to March 1995 and December 2013. Inclusion criteria included at least 2 ambulatory claims within 1 year or at least 1 inpatient claim with a diagnosis of enteritis due to EV (ICD-9-CM codes 008.67), meningitis due to EV, coxsackievirus, and echovirus (ICD-9-CM codes 047, 047.0, and 047.1), other EV diseases of CNS (ICD-9-CM codes 048), specific diseases related to Coxsackievirus (ICD-9-CM codes 074, 074.1, 074.2, 074.20, 074.21, 074.23, and 074.8), herpangina (ICD-9-CM codes 074.0), hand-foot-and-mouth disease (ICD-9-CM codes 074.3), echovirus and Coxsackievirus infection in conditions classified elsewhere, and of unspecified site (ICD-9-CM codes 079.1 and 079.2). The foregoing definition is consistent with previous research using this database.^[@R25]^

EV encephalitis was operationalized as EV infection with encephalitis (ICD-9-CM codes 323.0, 323.4, and 323.9) within 1 month of infection.^[@R26]^ Subgroup of EV infection with CNS involvement, including meningitis due to EV, meningitis due to Coxsackievirus, meningitis due to echovirus, other EV diseases of CNS, and EV encephalitis were also included in the analysis herein. Children with diagnosis of tic disorders before EV infection were excluded from the analysis. Data from 47,998 individuals with EV infections and 47,998 sex-, age-, and urbanization-matched controls were included in the analysis herein (Figure [1](#F1){ref-type="fig"}).

![Flow chart of data collection.](medi-95-e3347-g001){#F1}

Case Identification of Tic Disorders
------------------------------------

Cases of tic disorders were identified based on recorded ICD-9-CM codes 307.20--307.23, which includes tic disorder, unspecified, transient tic disorder of childhood, chronic motor tic disorder, and Gilles de la Tourette\'s disorder. This definition is also consistent with other research.^[@R27]^ At least 1 ambulatory or inpatient claim of tic disorder made under these diagnostic codes were collected for analysis.

Confounding Factors
-------------------

Although the pathoetiology of tic disorders is not currently known, genetic susceptibility and environmental factors (e.g., prenatal adversities, perinatal complications, and infections) are thought to contribute.^[@R28],[@R29]^ Herein, we adjusted for potential confounds including preterm labor and small for gestational age (ICD-9-CM codes 765--765.19) and perinatal complications (ICD-9-CM codes 760--764, 766--779, and V137). Given the previously reported association between tic disorders and allergic diseases using the NHIRD,^[@R30]^ asthma (ICD-9-CM codes 493, 493.0, 493.1, and 493.9), allergic dermatitis (ICD-9-CM codes 477), atopic dermatitis (ICD-9-CM codes 691, 691.8), and allergic conjunctivitis (ICD-9-CM codes 372.05, 372.14) were also controlled for.

Statistical Analysis
--------------------

The distribution of demographic factors and comorbidities between the children with and without EV infection were compared. We used the Kaplan--Meier method to estimate cumulative incidences of tic disorders. The log-rank test was performed to examine differences in the risk for tic disorders in the study population. Finally, Cox proportional hazards models were used to compute the hazard ratio (HR) accompanying 95% confidence intervals (CIs) after adjustment for age, sex, urbanization, preterm labor and small for gestational age, perinatal complications, and atopic diseases. Two-tailed *P* = 0.05 was considered significant. Individuals who were deceased during the study period and/or were from the beneficiaries register lost to follow-up were omitted from the analysis. All of the foregoing analyses were conducted using SAS statistical software (Version 9.4; SAS Institute, Cary, NC).

Ethics Statement
----------------

The study was approved by the Institutional Review Board of Chang Gung Memorial Hospital (Docket Number: 104-7528B). Written informed consent was exempted.

RESULTS
=======

Characteristics of Subjects
---------------------------

The 2 cohorts were comprised of 47,998 individuals with EV infection and 47,998 age- and sex-matched controls ascertained from the database. Cohort characteristics are described and compared in Table [1](#T1){ref-type="table"}. Compared to the control cohort, individuals with prior history of an EV infection had more perinatal complications, atopic diseases, and tic disorders. The mean follow-up interval for all subjects was 9.7 years (standard deviation = 3.6 years). Mean latency period between the initial EV infection and diagnosis of a tic disorder was 5.4 years (standard deviation = 2.8 years).

###### 

Characteristics of Enterovirus (EV) Infection Cases and Their Matched Controls
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Association Between EV Infection and Risk of Tic Disorders
----------------------------------------------------------

Analyses of associations of interest are summarized in Table [2](#T2){ref-type="table"} and shown in Figure [2](#F2){ref-type="fig"}. In the fully adjusted Cox regression model for HRs, EV infection was associated with a greater incidence of tic disorders (HR = 1.243, 95% CI: 1.069--1.446) after adjusting for age, sex, urbanization, preterm labor and small for gestational age, perinatal complications, and atopic diseases.
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Competing Risk Adjusted Cox Regression Analysis
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![Cumulative incidence of tic disorders in cohorts with/without enterovirus (EV) infection.](medi-95-e3347-g004){#F2}

Association Between Other Factors and Risk of Tic Disorders
-----------------------------------------------------------

As shown in Table [2](#T2){ref-type="table"}, boys were more than 3 times more likely than girls to have tic disorders (HR = 3.539, 95% CI: 2.924--4.283). Compared to children under 1 year of age, children over 5 years of age had lower risk (HR = 0.697, 95% CI: 0.499--0.975 for age 5--10 years and HR = 0.342, 95% CI: 0.216--0.542 for age over 10 years). Within the EV infection cohort, the level of urbanization was associated with a greater incidence of tic disorders (HR = 1.861, 95% CI: 1.285--2.696 for level 1 and HR = 1.570, 95% CI: 1.092--2.258 for level 2). Similar to a previous report,^[@R30]^ atopic diseases were risk factors for tic disorders (HR = 4.676, 95% CI: 3.452--6.333).

Association Between EV Infection With CNS Involvement or Hospitalization and Risk for Tic Disorders
---------------------------------------------------------------------------------------------------

Compared to the control group, the HR for tic disorders was 1.243 (95% CI: 1.068--1.447) among those with an EV infection without CNS involvement and 1.250 (95% CI: 0.642--2.434) among those with an EV infection with CNS involvement. The risk for tic disorders among individuals with EV infection with hospitalization was 1.316 (95% CI: 1.037--1.669) and 1.224 (95% CI: 1.043--1.437) without hospitalization (Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}).
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Competing Risk Adjusted Cox Regression Analysis
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Competing Risk Adjusted Cox Regression Analysis
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DISCUSSION
==========

To our knowledge, this is the 1st study to investigate the relationship between EV infection and tic disorders using a nationwide longitudinal dataset. The results identified a greater risk for tic disorders with EV infection, after adjusting for confounds including sex, age, urbanization, preterm labor and small for gestational age, perinatal complications, and atopic diseases. In addition, the severity of the EV infection (i.e., as proxied by CNS involvement or hospitalization) did not moderate the risk for tic disorders. In the present study, the mean latency period from initial EV infection to subsequent tic disorders was 5.4 years and to subsequent ADHD was 6.1 years in previous study.^[@R26]^

To our knowledge, there has been only 1 small study of tic disorders and EV infections. The foregoing study reported on the epidemiology of coxsackievirus B4 (CB4) in Taiwan. Twenty-three cases infected with CB4 were randomly selected from clinical specimens isolated in Kaohsiung University Hospital in southern Taiwan between 1993 and 2004; 7 cases were lost to follow-up. Neuropsychological disorders were noted in 5 of 16 subjects, of which 4 had been diagnosed with ADHD and/or tic disorder within 1 to 5 years after CB4 infection.^[@R21]^ Results indicated that EV infection was associated with neuropsychological disorder. However, methodological limitations, such as the lack of a control group, small sample size, and specific select participants, limit the inferences from the study\'s findings. Results from our study based on longitudinal, representative population-based design provided support that previous EV infection is associated with incident tic disorders.

Perinatal complications, such as delivery complications, low birth weight, Apgar scores at 5 minutes after birth, prolonged labor, umbilical cord round the neck, forceps delivery, neonatal jaundice, and prenatal or neonatal infection have been associated with tic disorders.^[@R31]--[@R34]^ Although a recent comprehensive, large-scale, prospective study reported no association between Tourette syndrome/chronic tic disorder and low birth weight, young gestational age as well as complications of delivery,^[@R32]^ the impact of prenatal, or neonatal exposure to infections cannot be excluded. In our study, we did not identify any moderating effects of perinatal complications on tic disorders; however, more research is needed to study the effects of prenatal or neonatal infections on tic disorders.

Several neurostructural alterations have been associated between tic disorders and Gilles de la Tourette syndrome. For example, structural abnormalities in cortical sulci;^[@R35]^ decreased distribution and abnormalities in the distribution of striatal interneurons;^[@R36],[@R37]^ abnormalities cortical thickness in sensorimotor, prefrontal, and temporal cortex;^[@R38]--[@R40]^ disturbances in the immune-inflammatory system (e.g., increased serum tumor necrosis factor-α and interleukin-12 at baseline and during symptom exacerbation);^[@R41]^ and decreased numbers of CD4^+^ and CD8^+^ T cells have been reported.^[@R42]^ The association between immune response and neurodevelopmental abnormalities subserving tics has been extensively reported on. For example, abnormal brain development as a result of disturbances in the innate immune system is posited to be a proximate cause of tic disorders.

During the past decade, there has been growing evidence documenting an association between virus infection and neuropsychiatric diseases (e.g., cytomegalovirus and *Toxoplasma gondii*) in the etiopathogenesis of schizophrenia and bipolar disorder.^[@R43]--[@R45]^ Viruses may exacerbate neuropsychiatric disease through inflammatory processes (e.g., tumor necrosis factor-α and interleukin-6).^[@R46]^ For example, induction of tumor necrosis factor-α could indirectly increase the production of potentially neurotoxic metabolites (i.e., hydroxykyneurenine) through modulation of neurotransmitter metabolism^[@R44]^ and consequently alter brain development. Elevated levels of interleukin-6 are also associated with cognitive impairment.^[@R45]^ The putative mechanism of virus-induced immune response and its influence on brain development in tic disorders requires further empirical study.

Strength and Limitations
------------------------

The large nationally representative sample population and longitudinal dataset are key strengths in this study. Limitations in such a database include recall bias and selection bias. Moreover, we could not rule out the possible influence of other confounding variables not assessed and adjusted for, such as maternal smoking status and family history. Second, the period of follow-up is insufficient to confirm all possible cases. Behavioral symptoms of tic disorder may manifest after the end of the study period in some subjects. Third, the diagnosis of EV infection and tic disorders was established by physicians and registered in the database. Differences between healthcare providers in their diagnosis of EV infection cannot be controlled for. Notwithstanding the limitations mentioned above, our results are directionally consistent with the hypothesis that immune inflammatory responses to an infectious agent (e.g., EV) may be relevant to the pathophysiology of tic disorders.

CONCLUSIONS
===========

EV infection is temporally associated with incident tic disorders. Clinicians should advise parents of children with EV infection to attend to symptoms that are associated with the development of tic disorders. Our observations add to growing body of literature implicating the immune-inflammatory process as relevant to the pathoetiology of some mental disorders.

This study is based in part on data from the National Health Insurance Research Database provided by the National Health Insurance Administration, Ministry of Health and Welfare and managed by National Health Research Institutes. The interpretation and conclusions contained herein do not represent those of National Health Insurance Administration, Ministry of Health and Welfare or National Health Research Institutes.

Abbreviations: ADHD = attention deficit hyperactivity disorder, CI = confidence interval, CNS = central nervous system, EV = enterovirus, HR = hazard ratio, ICD-9-CM = International Classification of Disease, Revision 9, Clinical Modification, NHIRD = National Health Insurance Research Database.
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